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Abstract

Background: Exercise-based swallowing training (EBST) and transcutaneous neuro-
muscular electrical stimulation (TNMES) are common modalities used to treat late
dysphagia after radiotherapy for nasopharyngeal carcinoma (NPC). We aimed to
investigate and compare the efficacies of EBST and TNMES as proactive treatments
administered early after radiotherapy.

Methods: Patients with early post-radiotherapy NPC (n = 120) underwent either
TNMES or EBST. Flexible endoscopic evaluation of swallowing (FEES), quality of life
(QOL), and swallowing function questionnaires were completed before the interven-
tion as well as immediately, 6, and 12 months after the intervention. Outcome mea-
sures included the scores for the swallowing function score (SFS), penetration and
aspiration scale (PAS), dynamic imaging grade of swallowing toxicity (DIGEST), func-
tional oral intake scale (FOIS), swallowing performance status scale (SPSS), pharyn-
geal motor impairment (PMI), pharyngeal function impairment (PFIl), and functional
assessment after cancer therapy-nasopharyngeal (FACT-NP) questionnaire.

Results: Three months after radiotherapy, 31 and 34 patients underwent TNMES and
EBST, respectively, and completed swallowing assessments at all four assessment time-
points. All patients showed post-radiotherapy impairments in the SFS, PAS, DIGEST, PMI,
and PFl. Compared with the EBST group, the TNMES group showed significant improve-
ments in the PFl and PMI scores, with small-to-medium effect sizes. Additionally, com-
pared with the EBST group, the TNMES group demonstrated a trend toward slightly
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better improvements in the PAS, DIGEST, FOIS, and SPSS scores immediately and
6 months after the intervention. The SFS scores improved from baseline in both groups;
however, the TNMES group showed an earlier improvement. Finally, the TNMES group
showed better QOL according to the FACT-NP than the EBST group.

Conclusion: Proactive TMNES and EBST are safe and feasible modalities for improv-
ing swallowing in patients with NPC when administered early after radiotherapy.
Although TNMES showed better results than EBST, these results should be inter-

exercise-based swallowing training, nasopharyngeal carcinoma, neuromuscular electrical
stimulation, proactive swallowing training, quality of life, radiotherapy

KU ET AL
preted with caution given the study limitations.
Level of evidence: 1B.
KEYWORDS

1 | INTRODUCTION

Nasopharyngeal carcinoma (NPC) is endemic in south-eastern Asia,
which is the region with the highest incidence worldwide.! Over the
past decade, advances in radiotherapy and chemotherapy have
improved disease control and survival rates?® Since 60%-90% of
patients with NPC have cervical lymph node metastases at initial
presentation,*° radiotherapy fields usually cover the nasopharynx and
bilateral neck from the skull-base to the clavicles in order to achieve
improved long-term local and regional disease control.*” Radiotherapy
may cause cranial neuropathies in the pharynx and larynx that affect
sensory and motor function®?; fibrosis of soft tissues and muscles that
are crucial for swallowing?; soft tissue swelling resulting from chronic
lymphedema?; and osteoradionecrosis of the skull base.!?*® These
adverse effects may lead to dysphagia and aspiration over time. We pre-
viously reported that 22% and 50% of patients experienced aspiration
at 5 and 7 years after external beam radiotherapy, respectively.*4>

The introduction of intensity-modulated radiotherapy (IMRT) for
treating NPC, which relatively spares swallowing-related organs, has
reduced the incidence of post-radiotherapy dysphagia.’®*” However,
it only delays the onset of some symptoms rather than prevent all
post-radiotherapy complications.*® Accordingly, a sizable proportion
of long-term NPC survivors who are treated with radiotherapy or che-
moradiotherapy may still experience different severities of dysphagia,
which affect their quality of life (QOL).*%?°

Transcutaneous neuromuscular electrical stimulation (TNMES) is
used to treat dysphagia of different etiologies.?? It involves application
of a low-voltage current to the neck skin via two bipolar surface elec-
trodes, which triggers the contraction of target muscles to increase their
strength and prevent muscle fibrosis.??22 This technique is administered
as an adjunct to traditional exercise-based swallowing training (EBST) to
enhance its efficacy in improving swallowing function. Bhatt et al.?* and
Ryu et al.2® reported that there were advantages of administering both
TNMES and EBST in patients with dysphagia after radiotherapy for head
and neck cancer. However, Langmore et al.?® reported no advantages of

EBST alone or in combination with TNMES in these patients.

There remains limited evidence regarding the efficacy of TNMES
alone or in combination with the operating procedure such as esophageal
dilatation for dysphagia in patients treated with radiotherapy for NPC or
other head and neck cancers. A small case series on the use of TNMES
with esophageal balloon dilatation in patients with dysphagia after radio-
therapy for NPC demonstrated post-intervention improvements in the
pharyngeal transit time, laryngeal excursion, and laryngeal inlet closure.?”
Further, Lin et al. reported that TNMES alone was better than EBST in
treating dysphagia in patients with NPC following radiotherapy.?® These
preliminary data suggest that TNMES can be used without EBST to treat
dysphagia after radiotherapy, which may enhance adherence by eliminat-
ing the need for round-the-clock home-based swallowing exercises.?”*°

Prolonged disuse of swallowing muscles can cause irreversible
muscular atrophy, which can result in chronic dysphagia with poor
response to swallowing rehabiltation.3* Moreover, proactive treatment
with EBST before or during radiotherapy for head and neck cancer has
yielded encouraging outcomes, with a reduction in the post-
radiotherapy severity of dysphagia and tube feeding dependence.3?-3¢
However, there is limited evidence regarding the potential benefits of
proactive swallowing training, as well as the efficacy of EBST or
TNMES alone, in patients treated with radiotherapy or chemoradiother-
apy for NPC. Accordingly, we aimed to investigate and compare the
efficacies of EBST and TNMES as proactive treatments administered
early after radiotherapy. We hypothesized that early proactive swallow-
ing training with TNMES or EBST alone would yield different outcomes
in terms of swallowing function and QOL in patients with NPC treated

using radiotherapy.

2 | MATERIALS AND METHODS

21 | Patient recruitment, randomization of
intervention training, and swallowing evaluation

This prospective, randomized, controlled study was conducted at the
Prince of Wales Hospital (PWH) and Queen Elizabeth Hospital, which
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are tertiary referral centers for otolaryngology and head and neck sur-
gery in Hong Kong. This study was approved by the Research Ethics
of the Hospital
(CRE-2010.223-T) and the Kowloon West Cluster (KC/KE-10-0229/
ER-1), which oversee all research activities in the participating institu-
tions. The clinical trial certificate number is NCT01237704.

The calculated estimated sample size was 84 participants based

Committee New Territories East Cluster

on the following considerations: alpha = 5%, power = 80%, effect
size = 0.1, number of groups =2, correlation between repeated
measures = 0.7, and number of measurements = 4 for the four time-
points of the swallowing assessment. Considering a dropout rate of
25%, 110 participants were required. Additionally, assuming that 20%
of the participants would not meet the selection criteria, we invited
140 patients from two hospitals to participate in the study. The inclu-
sion criteria were as follows: (i) age = 18 years; (ii) diagnosed with
NPC; (iii) completed primary radiotherapy or chemoradiotherapy
within <3 months; and (iv) being of Chinese ethnicity. The exclusion
criteria were as follows: (i) a history of a head and neck cancer other
than NPC treated with radiotherapy, chemotherapy, or surgery; (i) a
synchronous neoplasm along with NPC; (iii) residual or recurrent NPC
after radiotherapy; (iv) other causes of dysphagia; (v) preexisting dys-
(vi) contraindications to electrical

phagia before radiotherapy;

Enrollment and Assessed for
eligibility (n=140)

stimulation; (vii) poor cognitive function impeding completion of the
assessment; viii) presence of cerebral vascular disease or other neuro-
logical disorders including cranial neuropathies; and (ix) inability to
attend all swallowing training sessions or post-treatment follow-up
assessments. All the patients provided informed consent.

All patients underwent flexible endoscopic evaluation of swallow-
ing (FEES); subsequently, they were randomized using computer-
generated numbers to receive either EBST or TNMES (Figure 1). EBST
and TNMES were administered to 57 and 50 patients, respectively.
The FEES was then performed immediately, 6, and 12 months after
completion of the swallowing training. Along with the FEES, the
patients completed the Functional Assessment after Cancer Therapy-
Nasopharyngeal®” (FACT-NP) questionnaire, which assess various
health-related QOL aspects, including swallowing function, in patients
with NPC.

2.2 | Flexible endoscopic evaluation of swallowing
FEES was performed by otolaryngologists and speech-language
pathologists in PWH who had >10 years of experience in assessing

and managing patients with dysphagia. During the FEES examination,

Excluded (n=29)

—

Declined to participate (n=28)
Not fit selection criteria (n=1)

A 4

| Baseline screening by FEES (n=111)

A 4

| Randomization and Allocation of training |

—

Excluded (n=5)
»| Declined to participate (n=4)
Bone metastasis (n=1)

!

v

Allocated to EBST (n=57)

Allocated to TNMES (n=50)

|

}

Completed EBST (n=49)
Not completed EBST (n=8)

Completed TNMES (n=44)
Not completed TNMES (n=6)

|

!

Completed post-treatment
FEES at immediate, 6 months
and 12 months (n=34)
Defaulted follow-up (n=15)

Completed post-treatment
FEES at immediate, 6 months
and 12 months (n=31)
Defaulted follow-up (n=12)
Recurrence of NPC (n=1)

!

Analysis of EBST group (n=34)

Analysis of TMINES group (n=31)

FIGURE 1 Consort flow
diagram. EBST, exercise-based
swallowing training; TNMES,
transcutaneous neuromuscular
electrical stimulation.
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each patient sequentially received foods with different consistencies
in 5-mL boluses, including thin liquid (International Dysphagia Diet
Standardization Initiative [IDDSI]®® level 0), thick liquid (IDDSI level 2),
puree (IDDSI level 4), gastric rice (IDDSI level 5), and biscuit (IDDSI
level 7). Three swallowing attempts were allowed for each food bolus.
During each swallowing attempt, the degree of lateral pharyngeal wall
contraction, nasal regurgitation, premature spillage, food residue,
laryngeal excursion, and epiglottic retroflexion were graded on a four-
point scale (0, normal; 1, mild; 2, moderate; 3, severe) during the pha-
ryngeal swallowing phase. Additionally, penetration and aspiration
were rated using the Rosenbek's penetration and aspiration scale
(PAS) (Table $1).3? The FEES procedure was video recorded and used
for rating by other experienced investigators blinded to the patients'

oncological condition and assigned training intervention.

2.3 | Proactive swallowing training early after
radiotherapy for NPC

Swallowing training sessions were performed by speech-language
pathologists who were certified to use TNMES (VitalStim® Therapy)
and had extensive experience in administering EBST to patients with
dysphagia. All patients underwent twelve 40-min training sessions in a
clinic over a 4-week period, which were monitored by the speech-
language pathologists to ensure good adherence. No home-based
swallowing training was allowed during the study period. To ensure
valid outcome comparisons, a similar frequency and duration was
applied for the TNMES or EBST since there were no published data to
inform equivalent training intensities for both modalities. Moreover,
since TNMES is contraindicated in patients with untreated, residual,
or recurrent head and neck cancer, proactive swallowing training was
only offered to patients who were confirmed to be in remission
through a negative nasopharyngeal biopsy at 3 months after radio-
therapy or chemoradiotherapy.

Patients in the TNMES group underwent VitalStim® electrical
stimulation therapy (VitalStim® Therapy; Chattanooga Group, TN,
USA). Two electrodes were applied to the bilateral anterior neck, cov-
ering the suprahyoid and infrahyoid regions (Figure 2). Specifically, the
electrodes were placed based on an adapted type “3A” configuration
following the manufacturer-provided training manual. This configura-
tion covered muscles involved in tongue base retraction, pharyngeal
contraction, laryngeal excursion, and opening of the upper esophageal
sphincter.*® During each session, the electrical current to each surface
electrode was gradually increased until muscular contraction occurred
in the anterior neck with tolerable discomfort. The current amplitudes
at the start and end of each session were recorded. During the
current-induced muscular contractions of the pharynx, oral floor, and
anterior neck, the patients were also instructed to practice dry swal-
lowing or sip water in order to practice power-assisted swallowing.

Patients in the EBST group performed the Shaker Exercise (lying
supine with three sustained 1-min head lifts and 1-min rest intervals,
followed by 30 quick lifts), the Masako maneuver (five sets of

10 Masako swallows), effortful swallows (one set of 10 effortful

FIGURE 2 Transcutaneous neuromuscular electric stimulation
(VitalStim®) with two electrode placements on the anterior neck.

swallows), and the Mendelsohn maneuver (one set of 10 swallows) as
instructed by a speech-language pathologist. The objectives of each
training exercise are summarized in Appendix A.*! Surface electromy-
ography (MyoTrac Infiniti 2 Channel System, Thought Technology
Ltd., USA) was used to provide feedback waveforms corresponding to
muscle movement and strength during effortful swallowing and Men-
delsohn maneuvers, which were used by a speech-language patholo-

gist to confirm optimal training outcomes.

24 |
training

Outcomes evaluation after swallowing

The primary study endpoint was to investigate between-group differ-
ences in swallowing outcomes, including the swallowing function
score (SFS), pharyngeal motor impairment (PMI), pharyngeal
function impairment (PFl), PAS, dynamic imaging grade of swallowing
toxicity (DIGEST),*?> and QOL as measured using the FACT-NP. The
FACT-NP is a validated self-administered or interview questionnaire
that contains 43 items scored on a 5-point Likert-type scale and has
been validated in Chinese.®” It is specifically used for QOL evaluation
in patients with NPC treated with radiotherapy or chemoradiotherapy.
Its items assess physical well-being (PWB), functional well-being
(FWB), social well-being (SWB), and emotional well-being (EWB). Fur-
ther, it comprises a 6-item nasopharyngeal subscale (NPS) that evalu-
ates swallowing function.

The PMI, PFI, and PAS were rated by an experienced speech-
language pathologist and a senior otolaryngologist using the video
recordings of the FEES examination. The scores of the swallowing
performance status scale (SPSS)*® (Table $2) and functional oral and
intake scale (FOIS)** (Table S3) were determined based on the PAS
findings and pharyngeal performance, as reflected by the PMI and PFI.
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The SFS was calculated as the sum of the scores for all six NPS
items (Table 1) to allow independent analysis of the intervention effi-
cacy measured using the aforementioned outcome measures. Regard-
ing the FACT-NP, the subdomain and total scores were positively
correlated with the QOL.

PMI was assessed as the sum of the scores of the (i) swallowing
response, (ii) epiglottic retroflexion, (iii) laryngeal excursion, and
(iv) pharyngeal contraction in the FEES examination during fluid
intake. Nasal regurgitation impairment (NRI) and premature spillage
impairment (PSI) were assessed as the sum of the scores of the afore-
mentioned items during intake of (i) thin fluid, (i) thick fluid, (iii) puree,
(iv) gastric rice, and (v) biscuits. Pharyngeal residue impairment (PRI)
was assessed as the sum of the scores for the (i) pharyngeal location
(vallecula, pyriform fossa, or diffuse) and (ii) severity of food stasis
during food intake with the same order of consistency. PFI was
assessed as the sum of the PMI, NRI, PSI, and PRI scores. It reflected
the overall performance of the pharyngeal swallowing phase for all

TABLE 1 Dysphagia symptom enquiry derived from
nasopharyngeal subscale (NPS) items in the Functional Assessment
after Cancer Therapy-Nasopharyngeal (FACT-NP).

Questions Scoring scale

| am able to eat the foods that | like 1 2
My mouth is dry

| am able to eat as much food as | want
| can swallow naturally and easily

0
0
0
0
| can eat solid foods 0
0

O L S T )

1 2
1 2
1 2
1 2
1 2

O 1 BN « BN =
W oW W W W W

| can enjoy the taste of food

Note: Scoring scale: O, not a bit; 1, a little bit; 2, somewhat; 3, quite a bit;
4, very much.

TABLE 2

food consistencies and was used to evaluate the efficacy of each
intervention. Table 2 summarizes the scoring systems for the PMI,
NRI, PSI, PRI, and PFI.

Regarding outcome analysis, the efficacy of each intervention
was assessed based on the changes in the SFS; total and sub-scores
of FACT-NP, PMI, and PFI; and the sub-scores of PAS, DIGEST, SPSS,

and FOIS at each assessment time points.

2.5 | Statistical analysis
All statistical analyses were performed using SPSS software (version
23.0; IBM, Armonk, NY, USA). The Chi-square test and Mann-
Whitney U test were used for between-group comparisons of demo-
graphic data. NPC stage, radiation dose, and time interval from radio-
therapy to swallowing intervention.

The intraclass correlation coefficient (ICC) was used to measure
the intra- and inter-rater reliabilities of two raters for all measured
FEES parameters at the four assessment timepoints. The kappa coeffi-
cient was used to measure the inter-rater reliability for the PMI, PFI,
and their different scoring components. Additionally, in case of
between-rater inconsistency in the ratings of any parameter, discus-
sions were held until a consensus was reached regarding the value to
be included in the data analysis.

The Mann-Whitney U test was for between-group comparisons
of PMI, including nasal regurgitation, premature spillage, laryngeal
excursion, and pharyngeal contraction. Two-way repeated-measures
analysis of variance (ANOVA) was used to analyze the PAS, PMI, NRI,
PSI, PRI, PFIl, DIGEST, SPSS, and FOIS scores in order to determine
whether there was an interaction effect between the training modali-
ties and the assessment time points. Moreover, two-way repeated-

measures ANOVA was used to evaluate the effect of the training

Scoring of pharyngeal function by flexible endoscopic evaluation of swallowing (FEES).

Scoring methods and ranges

Pharyngeal motor impairment (PMI)
Scoring range

Swallowing response (SR)

Epiglottic retroflexion (ER)

0

Laryngeal elevation (LE) 0 (normal) to 7 (the worst
0
0

Pharyngeal contraction (PC)
Nasal regurgitation impairment (NRI)
Scoring range
Premature spillage impairment (PSI)
Scoring range
Pharyngeal residue impairment (PRI)
Scoring range
Pharyngeal residue amount (RA)
Food residue distribution (RD)

Pharyngeal function impairment (PFI)

normal) to 7 (the worst

normal) to 7 (the worst

normal) to 7 (the worst

Summation of score for SR, LE, ER, PC for thin or thick liquid

Summation of score for NRI in thin liquid, thick liquid, puree, gastric and biscuit
0 (absent), 1 (present)

Summation of score for PSl in thin liquid, thick liquid, puree, gastric and biscuit
0 (absent), 1 (vallecula), 2 (pyriform fossa), 3 (arytenoid)

Summation of scores for RA and RD with thin liquid, thick liquid, puree, gastric and biscuit

0 (nil), 1 (<10%), 2 (10-50%), 3 (>50%)
0 (none), 1 (vallecula), 2 (vallecula, pyriform fossa), 3 (diffuse)

Summation of PMI, NRI, PSI and PRI
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neuromuscular electrical stimulation (TNMES) groups before prophylactic swallowing training.

Number of patients
Age (years)
Sex

Male

Female
Height (cm)
Weight (kg)
Cancer stage

Stage |

Stage Il

Stage lll

Stage IV
Intensity-modulated radiotherapy (IMRT)
Chemotherapy
Radiation dose (Gy)
Post-radiotherapy interval (days)
Tube feeding
Swallowing function score (SFS)
Penetration and aspiration scale (PAS)

Dynamic Imaging Grade of Swallowing Toxicity
(DIGEST)

Swallowing performance status score (SPSS)
Functional oral and intake score (FOIS)
Pharyngeal function impairment (PFI)

Total FACT-NP

Nasopharyngeal subscale (NPS)

Note: FACT-NP, Functional Assessment After NPC Therapy.
*p-value is significant at p < .05.

modalities on the subscale and total FACT-NP scores at different
assessment time point. The Wilcoxon signed-rank test was used for
within-group pairwise comparisons of the scores. Cohen's D was used
to measure the effect size of the post-intervention changes in the
total and subscale FACT-NP scores at each assessment time-point.
Partial eta squared (npz) was used to assess the effect size of the post-
intervention changes in the PMI, PFI, DIGEST, PAS, FOIS, SPSS, and
SFS scores. Pearson's correlation coefficient was used to assess the
correlation between the total FACT-NP scores and SFS.

3 | RESULTS

3.1 | Demographic characteristics
There were 34 and 31 patients in the EBST and TNMES groups, respec-
tively. The reasons for dropping out after swallowing training included

tumor recurrence (n = 1), refusal of follow-up assessments due to poor

Baseline demographic characteristics of the patients in the exercise-based swallowing training (EBST) and transcutaneous

EBST TNMES p-value*
34 31
49.75 + 11.32 53.77 £ 12.25 .185
25 18 .188
9 13
164.24 + 10.15 161.48 + 8.66 .258
57.73 +10.81 54.47 + 13.40 291
.642
16 10
9 9
34 31 -
27 19 .109
70+3.81 7148 +4.38 .149
86.09 + 24.98 95.55 + 34.17 .205
0 0 -
9.79 +4.22 8.52 +3.75 .087
671+ 266 6.55+2.13 .944
1.38 + 0.60 1.39 £ 0.56 .861
1.76 + 0.99 1.81+1.11 977
6.35+0.73 6.32 +£0.79 .943
2744 +7.48 27.06 £ 6.95 777
112.2 + 18.59 109.26 + 20.05 .533
37.06 + 7.60 35.71+7.88 361

health (n = 8), declining follow-up due to personal affairs (n = 7), and
loss contact (n = 12). There was no adverse side effect reported during
training by EBST or TNMES. Moreover, there were no cases of training
termination due to discomfort; accordingly, we achieved 100% adher-
ence in both groups. There were no significant between-group differ-

ences in the demographic characteristics (Table 3).

3.2 | Post-intervention swallowing outcomes

Regarding intra-rater reliability for all measured FEES parameters, the
ICC was 0.87-1, indicating good to excellent intra-rater reliability.
Moreover, regarding the inter-rater reliability, the ICCs for the PAS
and PMI ranged from 0.68 to 0.98 and 0.81 to 0.97, respectively. The
Kappa coefficients for the different PFlI components, including
the NRI, PSI, and PRI, ranged from 0.6 to 1. Table 4 shows the PMI,
NRI, PSI, PRI, PFl, PAS, and DIGEST scores at the four assessment

timepoints.
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Scores for the penetration and aspiration score (PAS), dynamic imaging grade of swallowing toxicity (DIGEST), and pharyngeal function impairment (PRI), as well as the sub-scores of

TABLE 4

pharyngeal motor impairment (PMI), nasal regurgitation impairment (NRI), premature spillage impairment (PSl), and pharyngeal residue impairment (PRI), at four timepoints.

KU ET AL

EBST TNMES EBST TNMES EBST TNMES
6-month

TNMES

EBST

12-month 12-month

6-month

Pre-train Immediate Immediate

Pre-train

9.71+257
2.03 +£0.55
2.23+0.99
297 +1.22
248 +£0.81

9.03+2.14

9.16 £ 2.35
1.94 £ 0.68
2.13+0.85
2.81+0.87
2.29 £0.82
0.16 +0.52
1.97 £1.52
13.65 + 6.03

9.82 £ 2.66
2.03+0.76
229 +0.91

10.23 +2.17 10.76 + 2.78 9.13+18

10.03 + 2.69

Pharyngeal motor impairment (PMI)

1.82 +0.67
2.21+0.81
297 +1.14
2.03 +0.67
0.24 £ 0.86
241 +262

14.59 +4.72

1.9 +£047

229 +0.74
281+1.25
2.13+0.67
0.16 + 0.45

2.03+0.52
259 +0.78
3.59+1.42
2.56 +1.02

0.24 +0.5

2.23 +0.62
2.29 +0.78
3.19 £ 0.95
2.52+0.77
0.23+0.76

1.91 £0.67
244 +0.82
3.21+1.25
247 +1.05
0.35+0.92
203+1.73

15.03 +4.76

Swallowing response

Laryngeal elevation

3.09 £1.08
241 +0.86
0.21 + 0.64

Epiglottic retroflexion

Pharyngeal contraction

0.1+04
2.81+256

14.81 +4.79

Nasal regurgitation impairment (NRI)

1.97 + 1.68
14.91 +5.33

21+187

14.48 + 5.08

2.53+1.58
15.44 + 522

187 +£1.84
14.74 + 5.14

Premature spillage impairment (PSI)

Pharyngeal residue impairment (PRI)

5.03 +1.38
9.83 +3.92

2742 +7.85

544 + 1.67
9.15+3.51

26.26 £7.51

452+171
9.13 £ 4.57

2494 + 8.5

5.06 £ 1.69
9.85 +4.05

497 +1.83
2691 +7.46

5.12 £ 1.47
10.32+4.1

5.06 £1.79

571+193
9.32 +3.48

27.44 +7.48

Pharyngeal residue amount

9.7 +3.56

25.87 + 6.83

9.6 £3.95

27.06 £ 6.95

Food residue distribution

28.97 £7.62

Pharyngeal function impairment (PFI)

6.61 £ 2.54
1.32 £ 0.54

6.94 + 3.27 5.97 £1.43 6.85 + 3.53
1.16 £ 0.37

144 +0.71

6.1+199

1.23+0.5

6.55+2.13 641+23

1.39 £0.56

6.71 £ 2.66
1.38 £ 0.6

Penetration and aspiration (PAS)

1.62 +0.89

1.26 £ 0.51

Dynamic imaging grade of swallowing toxicity (DIGEST)

Note: *p < .05.

Abbreviations: EBST, exercise-based swallowing training; TNMES, transcutaneous neuromuscular electrical stimulation.

Compared with the baseline values, there was a significant
improvement in the PFl scores immediately and 6 months after
TNMES; however, it returned near to the baseline level at
12 months. Contrastingly, compared with baseline values, there was
a deterioration in the PFl scores immediately after EBST, which
gradually improved at 6 months and plateaued at 12 months
(Figure 3A). Compared with the EBST group, the TNMES group
showed significant improvement in the PFI score at different assess-
ment timepoints, with a small effect size (np2: 0.05). This indicated
that TNMES allowed better improvement in pharyngeal swallowing
than EBST, with a similar trend being observed for PMI. Compared
with EBST, TNMES allowed better swallowing improvement as
shown by improved PMI score at each assessment timepoint, with a
medium effect size (np2: 0.065; Figure 3B). Other parameters such
as NRI, PSI, and PRI did not show significant between-group differ-
ences at each assessment point. Moreover, the TNMES group
tended to show better performance than the EBST group in terms
of the DIGEST, PAS, FOIS, and SPSS scores immediately and
6 months after swallowing training. However, the scores in both
groups returned to near baseline at 12 months. There was a small
effect size for the interaction between the EBST and TNMES (np2:
0.009-0.020; Figure 3C-F).

Figure 4 shows the SFS at each assessment timepoint. In both
groups, there was a post-intervention improvement in the SFS scores;
however, only the TNMES group showed improvement at all three
post-intervention timepoints. Contrastingly, the EBST group only
showed a significant SFS improvement at 6 months, which then pla-
teaued at 12 months. There was a significant interaction between the
EBST and TNMES, with a small effect size (np2: 0.04). Table 5 shows
the scores for each SFS item at each assessment timepoint.

3.3 | QOL according to the FACT-NP and
swallowing function scores

Table 6 shows the mean total and subscale FACT-NP scores in both
groups at each assessment timepoint, with confidence intervals and
effect sizes measured by Cohen's D. Figure 5 shows a graphical pre-
sentation of the mean total and subscale FACT-NP scores in both
groups at each assessment timepoint, as well the effect size of their
interaction. The total FACT-NP scores showed improvement in both
groups at all post-intervention timepoints. Further, TNMES allowed
significant improvement in the total FACT-NP score at 6 and
12 months, with a greater effect size than the EBST. Regarding the
PWB subscale, both groups showed deterioration in the PWB sub-
scale scores immediately after intervention, which significantly
improved at 6 and 12 months, with a small-to-medium effect size. The
TNMES group showed a significant improvement in the FWB sub-
score at all post-intervention timepoints. Contrastingly, the EBST
group showed improvement in these subscale scores immediately
after training, which subsequently dropped at 6 and 12 months after
training. Compared with the EBST group, the TNMES group showed
greater effect sizes at 6 and 12 months. There were significant
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FIGURE 3 Swallowing (A) Pharyngeal Function Impairment (PFl)  (B) Pharyngeal Motor Impairment (PM1)
outcomes after proactive ) X
swallowing training through 29 EBST ™ 110 EBST ™
exercise-based swallowing TNMES™ TNMES ™
training (EBST) and 28 105
transcutaneous neuromuscular o o
electrical stimulation (TNMES). S 27 §
@ c 10.0
@
2 2
25 9.5
24 | Effect size (np?) = 0.05 p=0.039 9.0 | Effectsize (np?)=0.065 p=0.007
Pre Post 6m 12m Pre Post 6m 12m
(©) DIGEST (D) Penetration Aspiration Scale (PAS)
1.7 ' ‘ 7.0 Jp—
eBsT = TMES—
1.6 TNMES™ 6.8
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o 1.5 5 6.6
3 . »
c 14 " S 64
: \ :
2 13 ) 6.2
1.2 6.0
11 Effect size (np?) = 0.02 p=0.27 5.8 {_Effectsize (np?) = 0.009 p=0.64
Pre Post 6m 12m Pre Post 6m 12m
(E) FOIS (F) SPSS
6.55 EBST ™= EBST™
6.50 TNMES™ 1.9 TNMES
o
® 645 -
S § 1.8
2 6.40 s
S o
Z 635 < \
6.30
1.6
6.25 { Effectsize (np?)=0.016 p=0.39 Effect size (np?) = 0.01 p=0.58

Pre Post 6m

12m Pre Post 6m 12m

Number of patients
EBST-34
TNMES- 31

DIGEST - Dynamic Imaging grade of swallowing toxicity
FOIS - Functional oral intake scale

SPSS - Swallowing performance and status scale

Pre - Pre training, Post — Immediate post training

6m — 6 months post training, 12m - 12 months post

training

between-group differences in terms of the effect size between
pretreatment versus 6 and 12 months. Contrastingly, there were no
significant post-intervention improvements in the EWB and SWB
scores. Regarding the NPS, both groups showed significant post-
intervention improvement at all timepoints, with the TNMES group
showing a greater effect size than the EBST group. Pearson's corre-
lation coefficient analysis revealed a strong positive correlation
between the SFS and FACT-NP scores (r: 0.56-0.76, ‘moderate
strong’ to ‘strong’).

4 | DISCUSSION

In our study, patients with NPC showed post-radiotherapy impair-
ments in pharyngeal motor function and swallowing efficiency. Com-
pared with the EBST group, the TNMES group showed significant
improvements in the SFS, PMI, and PFI scores. Moreover, the TNMES
group showed earlier significant improvement and better QOL
according to the FACT-NP than the EBST group. These findings sug-
gest that proactive TMNES and EBST are safe and feasible modalities
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Swallowing Function Score (SFS)
13.0 ~ EBS T
TNMES™=
12.0

11.0 ~

10.0 A

Mean Score

9.0

p=0.046
Pre Post em 12m

Pre — Pre training, Post — Immediate post training
6m — 6 months post training, 12m — 12 months post training

8.0 A

FIGURE 4 Swallowing function score (SFS) before and after
proactive swallowing training by exercise-based swallowing training
(EBST) and transcutaneous neuromuscular electrical stimulation
(TNMES) at the four assessment timepoints.

for improving swallowing in patients with NPC when administered
early after radiotherapy when symptoms are still mild. To our knowl-
edge, this is the first prospective randomized controlled trial to inves-
tigate the efficacy of early TNMES for proactive swallowing training
in patients with NPC treated with radiotherapy or chemoradiotherapy,
using EBST as a control.

Most previous studies on proactive swallowing training using
EBST only reported follow-up assessment up to 6 months after radio-
therapy, with only a few studies reporting outcomes at 212 post-
training months.334>4¢ Additionally, prophylactic swallowing training
has been shown to improve swallowing function, oral intake, malnutri-
tion, and aspiration/aspiration pneumonia.*’**® A unique aspect of the
present study is the provision of swallowing training at around
3 months after radiotherapy upon confirmed remission status of NPC,
with follow-up assessments up to 12 post-intervention months. Nota-
bly, most acute toxicities of chemoradiotherapy, including mucositis,
dermatitis, and salivary gland injury, resolve within 12 weeks.*’

Impaired tongue movement, pharyngeal contraction, epiglottic
retroflexion, and laryngeal excursion have been reported following
radiotherapy for treating symptomatic NPC.2#15°0-52 These oropha-
ryngeal swallowing impairments can be mitigated using EBST exer-
cises, including Shaker's exercise, Masako maneuver, Mendelsohn
maneuver, and effortful swallowing. In our study, we applied vertical
placement of the bipolar electrodes in a paramedian position on both
sides of the neck to stimulate the suprahyoid and infrahyoid muscula-
ture, the hypoglossal nerves, and the deeper pharyngeal constrictor
muscles.>® This could have contributed to the significant improvement
in PMI immediately and 6 months after swallowing training in the
TNMES group. However, the eventual return to baseline at

12 months suggested that this improvement was transient.

Swallowing function score (SFS) at before intervention as well as immediately, 6, and 12 months after intervention by exercise-based swallowing training (EBST) and transcutaneous

neuromuscular electrical stimulation (TNMES).

TABLE 5

Post 12 months SFS

Post 6 months SFS

Post-immediate SFS

Pre-training SFS

TNMES EBST TNMES EBST TNMES EBST TNMES

EBST

1.97 £ 0.95
1.45 +1.09
2.71+0.78
2.29 +0.90
2.52+0.93
203+1.11

13.00 + 3.36

1.82 +1.03
1.44 + 0.93
2.21+0.95
1.97 £ 0.97
2.21+0.98
2.15+1.10
11.79 +4.31

1.87 £1.12

1.74 £ 0.96
1.41 +0.86
226 +1.08
203 +1.11
2.09 +1.03
212 +1.25

11.62 +4.31

1.74 £ 1.02 142 +£1.12

1.19 £ 1.08
0.58 +0.72
1.81+0.91
1.65+1.11
2.00 £1.29

1.56 +0.99
0.79 £0.84
197 +1.06
1.88 + 1.07
1.94 +0.95
1.56 +0.99
9.79 +4.22

| am able to eat the foods that | like

1.03 + 1.08
239 +1.12
216 + 1.07
2.32+1.08

1.06 +£1.12
2.39 +0.95
2.23+1.02
2.29 +1.07

1.18 £+ 0.94
2.03 +1.03
2.12 +0.95
221+0.84

My mouth is dry

2

| am able to eat as much food as | want

| can swallow naturally and easily

| can eat solid foods

197 £1.28
11.74 + 4.38

1.55+1.18
10.94 + 4.07

1.85+1.10

11.09 +4.03

1.29 +1.04
8.52 + 3.75

| can enjoy the taste of food

Total score
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TABLE 6

Exercise-based swallowing training

FACT-NP

Pretreatment
Posttreatment
6 months

12 months

Transcutaneous neuromuscular electrical stimulation

FACT-NP

Exercise-based swallowing training

Physical well-being (PWB)

Pretreatment
Posttreatment
6 months

12 months

Pretreatment
Posttreatment
6 months

12 months

Transcutaneous neuromuscular electrical stimulation

Physical well-being (PWB)

Exercise-based swallowing training

Functional well-being (FWB)

Pretreatment
Posttreatment
6 months

12 months

Pretreatment
Posttreatment
6 months

12 months

Transcutaneous neuromuscular electrical stimulation

Functional well-being (FWB)

Exercise-based swallowing training

Emotional well-being (EWB)

Pretreatment
Posttreatment
6 months

12 months

Pretreatment
Posttreatment
6 months

12 months

Transcutaneous neuromuscular electrical stimulation

Emotional well-being (EWB)

Exercise-based swallowing training

Social well-being (SWB)

Pretreatment
Posttreatment
6 months

12 months

Pretreatment
Posttreatment
6 months

12 months

Mean
score

112.2
114.6
117.3
118.1

109.2
113.8
119.5
122.4

20.9
19.1
22.6
231

213
20.1
231
23.6

15.9
17.0
16.3
16.3

15.0
16.3
18.1
18.5

17.0
18.2
181
17.9

17.7
18.3
17.5
18.6

20.3
19.9
19.7
19.4

Mean
difference

—2.448
—5.083
—5.953*

—4.567
—10.272*
—13.206*

1.755*
—1.706*
—2.235*

1.258*
—1.774*
—2.323*

—1.147*
-0471
-0.412

—1.290
—3.065*
—3.419*

-1.176*
—1.147
-0.912

—0.581
0.198
—0.839

0.382
0.657
0.985

Std.
error

2.206
3.016
2439

3.099
3.460
3.314

0.584
0.746
0.654

0.568
0.654
0.834

0.560
0.996
1.014

1.044
1.132
1.119

0.551
0.581
0.519

0.562
0.534
0.581

0.528
0.871
0.826
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Functional Assessment after Cancer Therapy-Nasopharyngeal (FACT-NP).

p-
value

0.276
0.102
0.021

0.151
0.006
0.000

0.005
0.029
0.002

0.034
0.011
0.009

0.049
0.640
0.687

0.226
0.011
0.005

0.040
0.057
0.088

0.310
0.713
0.159

0.474
0.456
0.242

95% confidence interval
for difference

Lower Upper

bound bound
—6.947 2.051
—-11.235 1.069
-10.928 -0.978
—10.906 1.771
—17.348 -3.195
-19.983 —6.429
0.568 2.942
-3.224 -0.187
-3.566 -0.904
0.098 2418
-3.109 —0.439
-4.026 -0.619
-2.287 -0.007
—2.496 1.555
—2.475 1.652
—3.423 0.843
—5.377 —0.753
—5.706 —1.133
-2.298 —0.055
-2.328 0.034
-1.969 0.145
-1.728 0.567
-0.893 1.289
—2.026 0.348
-0.692 1.456
-1.115 2429
-0.696 2.666

Cohen's
D

0.196
0.298
0.431

0.269
0.542
0.728

0.531
0.404
0.604

0.404
0.495
0.509

0.362
0.084
0.072

0.226
0.494
0.558

0.377
0.349
0.311

0.189
0.068
0.264

0.128
0.133
0.211

(Continues)
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TABLE 6 (Continued)
95% confidence interval
for difference
Mean Mean Std. p- Lower Upper Cohen's
score difference  error value bound bound D
Transcutaneous neuromuscular electrical stimulation
Social well-being (SWB) Pretreatment 19.5
Posttreatment 20.1 —0.554 1.009 0.587 —2.615 1.507 0.100
6 months 204 -0.914 1.208 0.455 —3.380 1.552 0.138
12 months 20.8 —1.328 0.894 0.148 -3.154 0.498 0.271
Exercise-based swallowing training
Nasopharyngeal subscale Pretreatment 37.1
(NPS) Posttreatment 39.5 —2.412* 1.080 0.032 —4.609 -0.215 0.395
6 months 39.6 —2.529* 1.213 0.045 -4.997 —0.062 0.369
12 months 40.5 —3.441* 1.099 0.004 —5.678 —1.204 0.553
Transcutaneous neuromuscular electrical stimulation
Nasopharyngeal subscale Pretreatment 35.7
B2 Posttreatment  39.2  —3447°  1.269 0011 ~6.039 -0.855 0496
6 months 40.6 —4.864* 1.361 0.001 —7.643 —2.086 0.652
12 months 411 —5.350* 1.258 0.000 -7.919 -2.781 0.776

Note: Effect size interpretation by Cohen's D: 0.2-0.5: small effect; 0.5-0.8: medium effect; 0.8-1: large effect.

We used FEES for objective swallowing assessment since it can
detect penetration and aspiration during swallowing, as well describe
the anatomical integrity of the pharynx and larynx and the handling of
secretions such as saliva and sputum.54 In FEES, the PAS, DIGEST,
PMI, and PFI represent the general condition of the pharyngeal phase
of swallowing with various food consistencies. We observed post-
radiotherapy mild deterioration in the PAS and DIGEST scores in both
groups, which non-significantly improved following proactive swal-
lowing training, with the TNMES group tending to demonstrate a
more persistent improvement over time. A similar trend was observed
for the PMI and PFI. Although the observed trend of improvement in
the DIGEST, PAS, FOIS, and SPSS scores in both groups may be par-
tially attributed to the natural recovery process after radiation ther-
apy, the training may have yielded an additional positive impact on
these scores.

We observed significant impairment in patient-rated subjective
swallowing functions in both groups early after radiotherapy or che-
moradiotherapy, which was indicated by deterioration in the SFS. The
TNMES group showed significant improvement in the SFS at all post-
intervention assessment timepoints; contrastingly, the post-
intervention improvement in the EBST group was only significant at
6 and 12 months. Notably, our patients generally rated their subjec-
tive swallowing function as poor, which differed from the mild impair-
ment observed in the PAS, DIGEST, PMI, and PFl on FEES. This is
inconsistent with our previous report that patients with NPC often
underestimated their swallowing functions compared with the objec-
tive findings of videofluoroscopic swallowing assessment.>®

Our preliminary results showed that the TNMES group tended to
perform better than the EBST group with respect to the SFS, PMI,

and PFl scores. Regarding QOL, both groups showed post-
intervention improvements in the total FACT-NP score. The improve-
ment in QOL was significant in the TNMES group at 6 and 12 months;
contrastingly, it was only significant at 12 months in the EBST group.
Notably, there was a strong correlation between the SFS and total
FACT-NP scores. The graphs for the SFS, NPS, and FACT-NP scores
showed similar changes over the four assessment timepoints, with the
TNMES slightly outperforming EBST at 6 and 12 months. Specifically,
the TNMES group showed steeper curves than the EBST group, indi-
cating a more protracted gain in swallowing function and QOL. Our
findings suggested that both EBST and TNMES had a significant posi-
tive influence on patients' swallowing function and QOL scores.

Patient adherence to the swallowing rehabilitation program is
critical to achieving the expected outcomes. However, most studies
have reported a suboptimal adherence rate ranging from 13% to
64%.” To ensure 100% training adherence in our study, all training
sessions were conducted under close supervision by qualified speech
and language pathologists in hospital-based clinics. This was a
strength of our study since it allowed patients to receive consistent
and high-quality care throughout the training process.

Most studies on swallowing rehabilitation for dysphagia in
patients with head and neck cancer applied adjunct TNMES to tradi-
tional EBST.2472¢ A potential limitation of our study is the lack of a
treatment arm involving administration of both TNMES and EBST in
order to observe their synergistic effect as well as the lack of a non-
treatment arm without swallowing training as a control group. We
previously observed a high proportion of patients with progressive
deterioration in neck stiffness, jaw opening, tongue movement, pha-

ryngeal contraction, food residues, penetration, and aspiration at
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6 and 12 months after radiotherapy for NPC.%® Accordingly, we antici-
pated ethical issues in enrolling a control group for the non-treatment
arm; instead, we used baseline swallowing parameters as the control
values.

To the best of our knowledge, there have been no studies com-
paring the training intensities of TNMES and EBST. Therefore, our
findings could serve as a good reference for future studies exploring a
new standard of care for TNMES and EBST in patients with head and
neck cancer. TNMES requires less time and frequency, which may

yield better adherence. However, our findings do not conclusively
determine that TNMES is superior to EBST since standard EBST
requires three daily sessions which was not applied in our study.
Instead, our findings only suggest that TNMES may be better than
EBST in certain aspects under the same training duration. Future
large-scale studies are warranted to administer both EBST and
TNMES, with home-based EBST being administered before or during
radiotherapy or chemoradiotherapy and TNMES being administered
after radiotherapy completion. Additionally, they should enroll a
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control group in order to compare changes in swallowing function and
QOL over time in these patients. Given the aforementioned limita-

tions, it is important to interpret our findings with caution.

5 | CONCLUSION

Our findings suggested that early proactive swallowing training with
TNMES and EBST is safe and feasible for patients with NPC after
radiotherapy or chemoradiotherapy. Nonetheless, our result suggests
that TNMES is a promising modality for improving swallowing symp-
toms, pharyngeal motor function, and QOL in patients with NPC after
radiotherapy. Moreover, our findings can inform personalized proto-
cols for TNMES, EBST, or both modalities for swallowing rehabilita-
tion following elucidation of the efficacy of each modality using a

standardized adherence rate, frequency, and duration of training.
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APPENDIX A: Swallowing exercises for proactive swallowing training after radiotherapy for nasopharyngeal carcinoma

Swallowing exercise Effect of swallowing training
Shaker exercise Improves the movement of the epiglottis and strengthens the opening of the esophagus. Also promotes
upward movement of the larynx.
Masako maneuver Helps strengthen tongue muscles needed for swallowing.
Mendelsohn maneuver Promotes movement of the epiglottis. Improves the function of the larynx and strengthens the opening of the esophagus.

Effortful swallows Improves movement of the tongue base and pharynx.
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